Mitochondria-cytochrome C-caspase-9 cascade mediates isorhamnetin-induced apoptosis.
Isorhamnetin is a flavanoid present in plants of the Polygonaceae family and is also an immediate metabolite of quercetin in mammals. Since the plasma level of isorhamnetin is maintained longer than quercetin, isorhamnetin may be a key metabolite to mediate the anti-tumor effect of quercetin. In the present study, we investigated the apoptotic mechanism of isorhamnetin in Lewis lung cancer (LLC) cells in vitro and established its in vivo anti-cancer efficacy. In cell culture, isorhamnetin significantly increased DNA fragmentation, and TUNEL positive apoptotic bodies and sub-G(1) apoptotic population in time- and dose-dependent manners. Western blot analyses revealed increased cleavage of caspase-3, and caspase-9 and PARP and increased cytosolic cytochrome C in isorhamnetin-treated cells. These events were accompanied by a reduced mitochondrial potential. Apoptosis was blocked by a general caspase inhibitor or the specific inhibitor of caspase-3 or -9. These in vitro results support mitochondria-dependent caspase activation to mediate isorhamnetin-induced apoptosis. Furthermore, an animal study revealed for the first time that isorhamnetin given by i.p. injection at a dose that is at least one order of magnitude lower than quercetin significantly suppressed the weights of tumors excised from LLC bearing mice. The in vivo anti-tumor efficacy was accompanied by increased TUNEL-positive and cleaved-caspase-3-positive tumor cells. Our data therefore support isorhamnetin as an active anti-cancer metabolite of quercetin in part through caspase-mediated apoptosis.